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ABSTRACT 



An architecture for registers and/or memory may provide a 
selecti^^dylldi^ The architecture 

induced ener^ cooservation. The architecture may include 
^[wcromnc^^ 

a^ffion^fmill^ge of administrative data. Based on the 
contacts of the administrative data, certain P4)j[^^F^#^^^ 
maVibe^eoablcd; or^^disableid. 

22 Claims, 4 Drawing Sheets 
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MEMORY STRUCTURES HAVING register does not always occupy its full width. When nanrow 

SELECTIVELY DISABLED PORTIONS FOR width data occupies only a first portion of a register, the 

POWER CONSERVATION remaining portion of the register may be disabled. Such 

embodiment 'cdiitjibiites*' to^ reduced power ^consumptii 

CROSS-REFERENCE TO RELATED PATENT 5 becapjse:^uiwieavportidns of the register are not energized 

APPUCAnON FIG. 1 illustrates a register 100 according to an embodi 

Hiis patent appUcation is a continuation of U.S. applica- f present invention The register 100 may be 

tion Ser No. 09/884,055, filed Jun. 20, 2001 now U.S. Pat. P^P^^^^^.^V ? "^^f ^ °^ n ' i ^n'^ 'hT W 

.T - ... . ,. .. ,. riio 120 (herein, cells J. The cells 110, 120 Store data for each 

No. 6,473,326; which is a coDlinuaUon apphcation of U.S. v^^'ji". )■ ™ . ' ,, ... 

application Ser. No. 09/459,904, filed Dec. 14, 1999 now " position m the re^ster 100. AU cells UO 120 of the 

US. Pat. No. 6,298.002. and entiUed "MEMORY STRUC- ^^^"^ J.^^ ' 

TURES HAVING SELECTIVELY DISABLED FOR- ">dexed by respective b.tlines 140. 

TIONS FOR POWER CONSERVATION". register 100 shown in FIG. 1 shares many character- 
istics of known registers. Data is written to or read fi'om the 

BACKGROUND OF THE INVENTION register 100 when an activation signal is applied to the 

register's respective wordline 130. In a conventional 

The present invention relates to an architecture for reg- register, the activation signal activates all cells of the reg- 
isters or memory that contributes to reduced power con- ^^^^^ Jq ^^ite data into a conventional register, electrical 
sumption of integrated circuits. More particularly, the reg- signals are driven onto the bitlincs 140 corresponding to the 
ister arclutecture permits for disaijling of selective^ pot^^^ 20 ^^^^ ^^^^ j^j^ ^ conventional register, no external 
of:a^rcgis&f ia thr presence of narrow width data. signals are driven on the bitlines during the activation signal; 

Issues of power consumption have become increasingly instead, circuitry within the cells themselves cause electrical 
important for the design of integrated circuits. The'power data signals to be driven on output terminals of the bitlincs. 
consuaiption of-antegratedRcircmite, particularly that of Active portions of the register 100 may operate according to 
processors, has increased over the years with the historical ^ these conventional techniques. The cells 110, 120 may be 
increase clock speeds. Modem processors now consume so constmcted according to designs that are known in the art. 
much power that the heat generated by the processors has jhe register 100 is shown populated by one cell 110 for 
become destructive. Thg; incr^erin power-copstm eachibh ppsition^pf|^^^^^ register 
alsp eontributes to reduced batten^-life'm mol^il^^inputing ido additional cells 120 for each bit position of admin- 
applications, islrative data to be stored by the register 100. As used herein, 

Power management techniques are commonplace in the "pfylpadrdatl** generally refers to user data — data that may 

modern computer. Users of domestic personal computers 9onslilute executable instructions or variable data to be 

recognize that computer monitors, disk drives and the like processed by the instructions. By contrast, "administrative 

arc disabled when not in use. However, such techniques are data" refers to data that will be used for |toV^i:tpntTpl 

not able to keep pace with the ever increasing power according to the embodiments described herein. As is 

demands made by newer generations of integrated circuits. described below, howeyer^tbe administrative-data may be 

Accordingly, there remains a need in the art for an integrated related to|payl6ad-data. In certain embodiments, payload 

circuit architecture that contributes to reduced power con- data may be reconstructed from the administrative data, 

sumption of the integrated circuit. ^ "Payload cells" refers to cells 110 that store payload data; 

"admin cells" refers to cells 120 that store administrative 

SUMMARY OF THE INVENTION data. 

Embodiments of the present invention provide a register According to an embodiment of the present mvention the 

having a plurality of payload portions, some of them being register 100 may indude mulUplcyBajrifeftP^^^o^ 150, 160 

selectively disabled. 45 each populated by a plurality of contiguous payload ceUs 

110 along the wordline 130. An admin cell 120 and a 

BRIEF DESCRIPTION OF THE DRAWINGS j£ansmissi6tf;gat^^ 

'atra bomdary^bctwcen the t^^^ 160. 

FIG. 1 is a block diagram of a register according to an jhe transmission gatefl^mfo^ bc^cxm^lEd b 

embodiment of the present invention. jata stored in the admin cell 120. A first state of an admin 

FIG. 2 is a block diagram of a register according to cell 120 causes the trSc^iSion^^ gatV'l?© to^beo^ 

another embodiment of the present invention. ducUve.* A second state of the admin cell 120 causes the 

no. 3 iUustrates a data input system according to an transmission gatis^l70: lo^ become > non=c6iiductive. Thus, 

embodiment of the present invention. depending upon the state of the data in the admin cell 120, 

no. 4 is a block diagram of a register according to a 55 signal driven on the wordline 130 may or^^ 

further embodiment of the present invention. P^J the fran gnission gate nOto the payload portion 

FIG. 5 is a block diagram of a register according toa ^ ^ ... 

further embodiment of present invention. „ Accordmg to an embodunent of the present mvenUon, 

f flag identifiers may be stored in the adnua cells 120. The nag 

HG. 6 illustrates a data output system according to an ^ ideatifie«*^repieiem tfie slate 'oFstorea^dSta- iiiTpayfoad 

embodimenl of the present invenUon. portions beyond the respecdve admin cell. In one stale, the 

DETAILED DESCRIPTION flag identifier (labeled "Z," in FIG. 1) indicates that all data 

m the sccondspaylpad portiogtt6() IS zero. AcUve data would 

Embodiments of the present invention provide a register be contained only in the first portion 150. In tbis case, the 

that selectively disabtes'iinuscdsportions'fWhen stariiig' data.^^ 65 transmission IgatE^lTO prevents an ^ activationrsigjnal," to ; 

These embodiments^capitahze ufwti'a realization that, for a propagating to the second pay loa3T.60,tEncrgy;is conserved ' 

register having a predetermined width, data stored in the because the circuitry that gpnerates the wordline activation . 
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signal is presented with a smaller electrical load. Further, 
cells in the second payload portion 160 need not be activate. 

According to an embodiment of the present invention, a 
register may be divided into as many payload portions as are 
desired. FIG. 2 illustrates an embodiment having three 
payload portions. In FIG. 2, the register 200 is shown 
populated by a plurality of payload cells 210 and admin cells 
220, 230 that are addressed by a wordline 240 and by a 
respective one of the bitlines 250. Each of the three payloaS 
portions 260-280 is populated by a number of payload cells 
210. At a boundary between each payload portion, the 
register 200 may include a transmission gate 290, 300. 

According to an embodiment, the register may include 
one fewer admin cells 220, 230 than there are payload 
portions in the register 200. Thus, in the example of FIG. 2 
where three payload portions are shown, there are two 
payload cells 220, 230. Each payload cell 220, 230 stores 
data of a respective flag identifier Zj, 7^ and controls a 
respective transmission gate 29p, 300. The flag stored in 
one of the admin cells 220, 230 indicates the state of data in 
the second and third payload portions 270, 280. If all data in 
these payload portions arc zero, the Z^ fla^Hccadcrs the 
asspdated'ifahsmission gate 290 non-conductive. Similarly, 
the Zj flag stored the other admin cell 230 indicates the state 
of data in the third payload portion 280 and, if the data 
therein should be zero, the Zj flag renders the associated 
transmission gate 300 non-conductive. Thus, the register of 
FIG. 2 provides an embodiment in which multiple portions 
of a register 200 each may be disabled selectively. 

As shown in the embodiment of FIG. 2, aU admin cells 
220, 230 arc provided on an input side of the wordline 
"upstream" of the first transmission gate 290. The principles 
of the present invention accommodate other embodiments. 
For example, as shown in phantom in HG. 2, the admin ceU 
230 associated with the flag identifier may be provided 
next to its associated transmission gate 300 at a boundary 
between the second and third payload portions 270, 280. 

According to an embodiment of the present invention, the 
register 200 may include as many payload portions as are 
desired. The number and width of the payload portions 
within a register 200 typically will be determined by an 
expectation of data types (and data widths) that will be 
handled by the integrated circuit during use. 

FIG. 3 fllustrates a data access system 400 according to an 
embodiment of the present invention. The data access sys- 
tem 400 may include a register file 410 that is populated by 
a plurality of registers, such as the registers 100, 200 of 
FIGS. 1 and 2. The data access system 400 also may include 
an address decoder 420 and a data decoder 430. The address 
decoder 420 receives address data that indexes a register and 
generates an activation signal on a wordline corresponding 
to the addressed register. 

According to an embodiment, the data decoder 430 may 
receive data from an external data source and may generate 
the flag identifiers therefrom. The data decoder 430 may 
-perform zero detection upon certain portions of received 
data that corresponds to the payload portions described 
above. If the ^zero - detection^determiiies that all data in a 
payload portion is zero, it generates an active signal on the 
associated flag identifier. The data decoder 430 also may 
permit external data in non-zero payload portions to propa- 
gate to the register file 410. 

Thus, the data decoder 430 integrates the various embodi- 
ments of registers with other processing elements in an 
integrated circuit. 

The principles of the present invention may be extended 
to achieve even further energy conservation. FIG. 4 illus- 
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trates a register 500 constructed according to another 
embodiment of the present invention. As with the previous 
embodiments, the register 500 may be populated by payload 
cells 510 and admin cells 520, 530 provided on a wordline 

5 540. The payload and admin cells 510, 520, 530 each may 
be addressed by a respective bithne 550. FIG. 4 illustrates an 
embodiment having three payload portions 560-580. Trans- . 
mission gates 590 and 600 are provided respectively at 
boundaries between the payload portions 560-580 and are 

10 controlled by respective admin cells 520, 530. In the 
embodiment shown in FIG. 4, the admin oeUs 520, 530 arc 
provided on the wordline 540 at the boundaries between the 
payload portions 56(^580 adjacent to the associated trans- 
mission gates 590, 600. Accordingly, this embodiment cor- 

15 responds the alternate embodiment discussed with respect to 
FIG. 2. 

FIG. 4 illustrates drivers 610, 620, 630 associated with 
each of the bilUnes 550. When data is to be written into a 
register 500, the bitline drivers 610-630 generate electrical 

20 signals corresponding to the data. As iUustrated in FIG. 4, 
die flag identifiers stored in each of the admin cells 520, 530 
may disable the bitline drivers 620 or 630 associated with 
successive payload portions 570, 580, Thus, the first admin 
cell 520 may control the bitUne drivers 620, 630 associated 

25 with the second and third payload portions 570, 580. The 
second admin cell 530 may control the bitline drivers 630 
associated with the third payload portion 580. This principle 
may be extended for as many payload portions as are 
included in the register 500. 

The embodiment of FIG. 4 achieves further energy con- 
servation by disabling drivers 620, 630 associated with 
portions of data that are known to be zero. Disabling the 
drivers 620, 630 prevents the driver circuits from consuming 
power and, thus, leads to further energy conservation. 

FIG. 5 illustrates another register 700 according to an 
embodiment of the present invention. Two registers 710 and 
720 arc iUustrated in FIG. 5. A first register 710 is populated 
by payload cells 730. In the embodiment of FIG. 5, the 
register 710 includes two payload portions 740, 750. As with 

^ the earlier embodiments, the payload cells 730 are provided 
on a wordline 760. Each payload cell 730 is associated with 
a bithne (shown collectively as 770). A|tracsmission"gate 
780 is provided on the wordfine 760 at boundary between 
the two payload portions. 

In the embodiment of FIG. 5, admin cells 790 may be 
provided in the second register 720, The admin cells 790 
may be provided on a second wordline 800. Each admin cell 
790 may be associated with a bitline 810. The admin cells 
790 may be electrically coupled to the transmission gate 780 
to render the transmission gate 780 selectively conductive or 
non-conductive. 

FIG. 5 illustrates output bitlines 820, 830 for the cells 730, 
790 of the first and second registers 710, 720. The output 

55 bitlines 820, 830 may carry data from the cells 730, 790 
when data is to be read from the registers 710, 720. 

According to an embodiment of the invention, transmis- 
sion gates 840 may be provided on the output bitlines 
associated with the second payload portion 750. The trans- 

60 mission gates 840 may be controlled by the admin cell 790. 
Thus, for narrow width data, the transmission gates 840 may 
be rendered non-conductive, which would prevent any spu- 
rious signal generated by payload cells 730 within the 
second payload portion 750 from reaching a data receiver. 

65 FIG. 6 illustrates a system 900 for implementing reads of 
data from a register according to an embodiment of the 
present invention. As shown in FIG. 6, this embodiment may 
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include an address decoder 910, a file register 920 and a data 
decoder 930. The register file 920 may include a payload 
memory 922 and a flag memory 924. The system 900 also 
may include a delay element 940. 

The address decoder 910 may receive an externally sup- 
plied address that identifies a register within the register fie 
920 and generates an activation signal on a wordline corre- 
sponding to the addressed register. The activation signal may 
propagate to the flag memory 924 and to the delay clement 
940. From the delay element 940, the wordline may propa- 
gate to the payload memory 922. 

The delay clement 940 may impose a slight delay upon 
the activation signal as it propagates firom the address 
decoder 910 to the payload memory 922. For example, the 
delay element 940 may impose a half-cycle delay upon the 
activation signal. In such a case, the activation signal would 
reach the flag memory 924 one -half a cycle earlier than the 
time the activation signal would reach the payload memory 
922. Thus, the flag signals would be output from the flag 
memory 924 one-half a cycle earlier than payload data 
would be output from the payload memory 922. The flag 
signals and the payload data may be input to the data 
decoder 930. 

The data decoder 930 may generate a full-width data 
output based upon the flag identifiers and the payload data. 
The data decoder 930 may ensure that zero signals are output 
on any data lines that the flag identifiers indicate have zero 
value regardless of any spurious signals that may be 
received from the payload memory 922 on such data lines. 

According to an embodiment the payload memory 922 
may be populated by a plurality of registers such as register 
710 (FIG. 5). Further, in an embodiment, the flag memory 
924 may be populated by a plurality of registers such as 
admin registers 720 (FIG. 5). 

Accordingly, embodiments are shown that induce energy 
conservation in registers when those registers store narrow 
wadth data. The energy conservation can lead to reduced 
energy drain for wordline drivers, storage ceUs, bitline 
drivers, and bitline receivers. 

The preceding discussion describes embodiments of the 
present invention as applied to registers. The term "register" 
has been used in its broadest possible sense to refer to 
memory structures of all kinds. Thus, the registers described 
herein may be used within processing circuits as buffers, 
cache memory and registers and also in memory systems. 

Several embodiments of the present invention are spe- 
cifically illustrated and described herein. However, it will be 
appreciated that modifications and variations of the present 
invention are covered by the above teachings and within the 
purview of the appended claims without departing &x)m the 
spirit and intended scope of the invention. 

We claim: 

1. A register for use in an integrated circuit, comprising: 
a plurality of storage cells, a first portion of the plurality 

of storage cells being able to be selectively disabled 
while a second portion of the plurality of storage cells 
is enabled, and 
means for disabling the first portion if a length of data to 
be stored in the register wiU fit entirely within the 
second portion. 

2. The register of claim 1, further comprising disabling 
circuitry coupled to storage cells in the second portion. 

3. The register of claim 1, wherein the means comprises 
a storage cell to store data representative of a length of the 
data to be stored. 

4. The register of claim 1, wherein the two portions are 
coupled to a wordline. 



10 



15 



20 



25 



35 



45 



50 7 



55 



65 



5. The register of claim 1, wherein each storage cell is 
coupled to respective bit lines, wherein disabhng circuitry is 
coupled to each bit line of the first pouiiio of storage cells. 

6. A memory system comprising: 

a data decoder having outputs for dat j. and a flag identifier, 
a register file comprising a plurality o( registers, at least 
one register having two payload pordons, the second 
payload portion including a disabling circuit responsive 
to the flag identifier. 

7. The memory system of claim 6, wherein: 

the two payload portions each comprise respective num- 
bers of storage cells, and 

the register file further comprises an admin storage cell to 
store the flag identifier, 

wherein a control input of the disabhng circuit is coupled 
to the admin storage ceU, and the storage ceUs of the 
two payload portions, the admin storage cell and the 
disabling circuit arc coupled to a common wordline, 

8. The memory system of claim 7, further comprising: 
bithnes coupled to each of the storage cells of the second 

payload portion, and 
disabling circuits coupled to the bitlines, control inputs of 
the disabling circuits coupled to the admin storage cell. 

9. A memory system, comprising: 

an address decoder to generate selection signals, 
a register file comprising a payload memory and a flag 
memory, the flag memory and the payload memory 
each to receive the selection signals, wherein propaga- 
tion of the address signals to the payload memory is to 
be delayed, with respect to propagation of the selection 
■ signals to the flag memory. 

10. The memory system of claim 9, wherein: 

the payload memory and the flag memory each comprise 
respective entries, 

wherein an entry of the payload memory comprises a 
plurality of payload portions, at least one of the payload 
portions to be energized selectively based on a state of 
data in a corresponding entry in the flag memory. 

11. The memory system of claim 9, further comprising a 
data decoder to receive data from the payload memory and 
flag signals from the flag memory, the flag signals indicative 
of a width of vafid data to be received from the payload 
memory, 

12. The memory system of claim 9, further comprising a 
data decoder to generate flag signals and data signals, the 
flag signals to be stored in the flag memory and the data 
signals to be stored in the payload memory, the flag signals 
indicative of a width of the data signals. 

13. A method comprising: 

storing a data item in a register having a plurality of 
payload portions of a plurality of widths, and 

if a width of a data item does not exceed the width of a 
first payload portion, storing the data in the first pay- 
load portion and disabling a second payload portion. 

14. The method of claim 13, further comprising storing a 
flag identifier in the register indicating a slate of data in the 
second payload portion. 

15. The method of claim 13, further comprising disabling 
bit lines associated with storage cells in the second payload 
portion. 

16. The method of claim 13, further comprising, if the 
width of the data item does not exceed the combined width 
of two payload portions, storing the data item in the two 
payload portions and disabling a third payload portion. 
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17. The method of claim 13, wherein the disabling is 
removing power from the first portion of storage cells. 

18. A register comprising: 

a plurality of storage cells coupled to a wordline, 

a disabling circuit coupled to the wordline interspersed 

between a first and second set of the storage cells, and 
an admin storage cell coupled to the wordline having an 

output to control the disabling circuit. 

19. The register of claim 18, further comprising: 
billines coupled to each of the storage cells, and 
disabling circuits coupled to the bitlincs of the second set 

of storage cells. 

20. The register of claim 19, further comprising an admin 
storage cell coupled to the wordhnc and having an output 
that controls the disabling circuits provided along the bit- 
Unes of the second set of storage cells. 

21. A method, comprising: 

capturing data output from a register, the register having 
a predetermined maximum bit length. 



15 



8 



capturing at least one flag identifier associated with the 
register, the flag identifier indicative of a word length of 
the register, and 
generating an output data signal having a length equal to 
5 the maximum bit length, a first portion of the output 
data signal being a portion of the captured data a second 
portion of the output data being null data, wherein the 
first portion has a length equal to the word length and 
the second portion has a length equal to a difference 
between the word length and the maximum bit length. 
^ 22. The method of claim 21, further comprising, prior to 
the first capturing: 
driving a payload memory and a flag memory of a register 
file with a wordline selection signal generated from an 
address decoder, the payload memory including the 
register, the flag memory including storage for flag 
identifiers, 

wherein the wordline selection signal drives the flag 
memory in advance of driving the payload memory. 
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